(T2
£
n
x
L
d=
—
o
Q
(]
o
—
=]
fra}
w
=]
v
o
Vs
E
L
e
o
put
o
<
=t
=
fror}
)
o
{
o
2
T

Practice
Exam

PMK

Structural Depth
Practice Exams

for the Civil PE Exam

Second Edition

James Giancaspro, PhD, PE




o b B G e E a BB 8 A B E3 = B BB =T =0 = e




Structural Depth

Practice Exams
for the Civil PE Exam

Second Edition

James Giancaspro, PhD, PE

The Power to Pass®
=« I www.ppi2pass.com

Professional Publications, Inc. « Belmont, California




Benefit by Registering This Book with PPI

Get book updates and corrections.

Hear the latest exam news,

Obtain exclusive exam tips and strategies.
¢ Receive special discounts.

Register your book at ppi2pass.com/register.

Report Errors and View Corrections for This Book

PPI is grateful to every reader who notifies us of a possible error. Your feedback
allows us to improve the quality and accuracy of our products. You can report
errata and view corrections at ppi2pass.com/errata.

STRUCTURAL DEPTH PRACTICE EXAMS FOR THE CIVIL PE EXAM
Second Edition

Current printing of this edition: 1

Printing History
edition printing
number nurmmber  update
1 1 New book.
1 2 Minor corrections.
2 1 New edition. Code updates. Copyright update.

Copyright © 2014, Professional Publications, Inc. All rights reserved.

All content is copyrighted by Professional Publications, Inc. (PPI). Ali rights reserved. No part, either text or
image, may be used for any purpose other than personal use. Reproduction, modification, storage in a retrieval
system or retransmission, in any form or by any means, electronic, mechanical, or otherwise, for reasons other than
personal use, without prior written permission from the publisher is strictly prohibited. For written permission,
contact PPI at permissions@ppiZ2pass.com.

Printed in the United States of America.

PPI

1250 Fifth Avenue
Belmont, CA 94002
{650) 593-9119

PpiZpass.com
1SBN: 978-1-59126-461-3

Library of Congress Control Number: 2014937262

€



- Table of Contents

PREFACE AND ACKNOWLEDGMENTS ............ . ... .. ittt v
CODES ANDREFERENCES ... ..... ... ... ... .. . i, vii
INTRODUCTION ... .. . ittt sttt ae e aae s ix
NOMENCLATURE. . ...... ... ... ittt ittt xi
PRACTICE EXAM 1 . ... ... .. i i it ia i aanas 3
PRACTICE EXAM 2 .. ... . ... ittt ittt eneaaneens 27

SOLUTIONS
PRACTICEEXAM 1 ANSWERKEY .. ... .t i it iiieninenenn s 49
Il, PRACTICEEXAM 1 SOLUTIONS .. ... it ie e e eeaa s 51
PRACTICEEXAM 2 ANSWERKEY .. ... . i it e e 65
] PRACTICEEXAM 2 SOLUTIONS . .. ... .. i it i i naananas 67

PPI #« www.ppl2pass.corm




—_—

=3

=

L

e

L

+

=3

T

4

-~




Preface and Acknowledgments

As a professor, I believe there are two approaches to
learning: passive and active. An example of a passive
method is the classic lecture, where an instructor
recites theories, presents common engineering applica-
tions, and solves example problems. Active methods
engage the students and motivate them to develop an
in-depth knowledge of a subject. Active learning may
include having students demonstrate equation deriva-
tions, using multimedia in the classroom, solving prac-
tical engineering problems, and performing interactive
computer simulations.

The same approaches to learning apply to exam prepa-
ration. Passive preparation, such as reading or skimming
reference books to familiarize oneself with relevant topics,
can be effective for some examinees. However, I believe
active learning is far more efficient and increases the
potency of any preparation effort. Active preparation
involves meticulously solving problems of varying diffi-
culty that span a broad range of topics. At a minimum,
an active approach forces examinees to navigate through
relevant codes, familiarize themselves with their calcula-
tors, consciously connect relevant theories to problems,
identify alternative problem-solving approaches, and con-
sider how solutions can be influenced by changes in
design parameters. This active approach to preparation
is what I envisioned while writing this boolk.

During the months leading up to my PE exam, I found it
difficult to locate solved practice problems that were
representative of the civil PE structural depth exam.
My motivation in writing Structural Depth Practice
Erams was to provide examinees with a resource like
the one I desired.

Over the course of many years, engineers in industry and
academia have worked tirelessly to develop the specifi-
cations and codes that serve as this book’s foundation.
While it is impossible to acknowledge every individual's
contribution to this book, I am deeply indebted to the
many generations of engineers whose work has made this
book possible.

Thank you to Julio C. Banks, MSME, PE, who techni-
cally reviewed the manuscript and offered suggestions to
improve this book’s clarity and accuracy.

I would also like to thank the entire PPI product devel-
opment and implementation staff, including Sarah
Hubbard, director of product development and impie-
mentation; Cathy Schrott, production services manager;
Christine Eng, product development manager; Jenny
Lindeburg King, associate editor-in-chief; Chelsea Logan,
Magnolia Molcan, and Julia White, editorial project man-
agers; David Chu, Ellen Nordman, Heather Turbeville,
and Ian A. Walker, capy editors; and Kate Hayes and
Tom Bergstrom, production associates, for their profes-
sionalism and guidance in producing this book.

if you find an error in this boak, please let me know about
it by using the error reporting form on PPI’s website at
ppiZpass.com/errata. I appreciate suggestions for
improvement or clarification, as well as questions, so that
new editions of this book will better meet the needs of
future examinees.

I truly hope that you find this book beneficial to your
exam preparation and wish you success in your future
endeavors as a Professional Engineer.

James Giancaspro, PhD, PE
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Codes and References

The information that was used to write and update this
book was based on the exam specifications at the time of
publication. However, as with engineering practice itself,
the PE examination is not always based on the most
current codes or cutting-edge technology. Similarly, codes,
standards, and regulations adopted by state and local
agencies often lag issuance by several years. It is likely
that the codes that are most current, the codes that you
use in practice, and the codes that are the basis of your
exam will all be different.

PPI lists on its website the dates and editions of the
codes, standards, and regulations on which NCEES has
announced the PE exams are based. It is your respon-
sibility to find out which codes are relevant to your
exam. In the meantime, here are the codes that have
been incorporated into this edition.

STRUCTURAL DESIGN STANDARDS . .

AASHTOQ: AASHTQ LRFD Bridge Design Specifica-
tions, Sixth ed., 2012, American Association of State
Highway and Transportation Officials, Washington, DC

ACI 318': Building Code Requirements for Structural
Concrete, 2008, American Concrete Institute, Farming-
ton Hills, MI

ACI 530% Building Code Requirements and Specifications
for Masonry Structures (and related commentaries),
2008, The Masonry Society, Boulder, CO; American Con-
crete Institute, Detroit, Ml; and Structural Engineering
Institute of the American Society of Civil Engineers,
Reston, VA

AISC?: Steel Construction Manual, Thirteenth ed.,
2005, American Institute of Steel Construction, Inc.,
Chicago, IL

ASCET: Minimum Design Loads for Buildings and Other
Structures, 2005, American Society of Civil Engineers,
Reston, VA

IACI 318 App. C solving methods may not be used on the exam.
Allowable stress design (ASD) methods must be used on the exam,
but strength design (SD) Sec. 3.3.5 may be used for walls with out-of-
Pln.ne loads.

Either ASD or LRFD may be used on the exam.
“The Structural Welding Code is not an NCEES design standard,
but the structural depth specifications include AWS D1.1, D1.2,
and D1.4 as design criteria likely to be encountered on the exam (see
the Introduction).

AWS*: Structural Welding Code—Steel, D1.1, 2010,
Structurel Welding Code—Aluminum, D1.2, 2008, and
Structural Welding Code—Reinforcing Steel, D1.4, 2011,
American Welding Society, Miami, FL

IBC: International Building Code, 2009 ed. (without sup-
plements), International Code Council, Falls Church, VA

NDS®: National Design Specification for Wood Con
struction ASD/LRFD, 2005 ed., and National Design
Specification Supplement, Design Values for Wood
Consiruction, 2005 ed., American Forest & Paper Asso-
ciation/American Wood Council, Washington, DC

PCI: PCI Design Handbook: Precast and Prestressed
Concrete, Sixth ed., 2004, Precast/Prestressed Concrete
Institute, Chicago, IL

REFERENCES =

The following references were used to prepare this book.
You may also find them useful references to bring with
you to the exam.

“ACI 318-02 Beam Strain Limit of 0.004 versus 318-99
75% Balanced Steel.” H. Epstein. Practice Periodical on
Structural Design and Construction, Vol. 9, Issue 2

Bridge Engineering: Design, Rehabilitation, and Main-
tenance of Modern Highway Bridges. D. E. Tonias and
J. 1. Zhao. McGraw-Hill

Bridge Engineering Handbook. W. F. Chen and L. Duan.
CRC Press

Design of Wood Structures—ASD/LRFD. D. E. Breyer,
K. E. Cobeen, K. J. Fridley, and D. G. Pollock, Jr.
McGraw-Hill

Ductile Design of Steel Structures. M. Bruneau, C. Uang,
and S. E. Sabelli. McGraw-Hill

“Effective Flange Width Provisions for Compasite Steel
Bridges.” I. Ahn, A. J. Aref, S. S. Chen, and M. Chie-
wanichakorn. Engineering Structures, Vol. 26

Engineering Economy. C. P. Koelling, W. G. Sullivan,
and E. M. Wicks. Prentice Hall

Engineering Mechanics: Statics and Dynamics. A. M.
Bedford and W. Fowler. Prentice Hall

5ASD methods for wood design must be used on the exam.
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Falsework Manual California Dept. of Transportation
Foundation Analysis and Design. J. E. Bowles. M¢Graw-
Hill

Handbook of OSHA Construction Safety and Health.
J. V. Eidson and C. D. Reese. CRC Press

Handbook of Temporary Structures in Construction.
R. T. Ratay. McGraw-Hilt

“Investigation of the Kansas City Hyatt Regency Walk-
ways Collapse.” Building Science Series 143. National
Bureau of Standards

Masonry Design and Detailing. C. Beall. McGraw-Hill

. MECAWind Software. MECA Enterprises, Inc.
mecaenterprises.com

Mechanics of Materials. J. M. Gere and B. J. Goodno.
Cengage Learning

Modern Welding Technology. H. B. Cary and S. Helzer.
Prentice Hall

Prestressed Concrete: A Fundamental Approach. E. G.
Nawy. Prentice Hall

Reinforced Concrete: A Fundamental Approach. E. G.
Nawy. Prentice Hall

Reinforced Concrete Mechanics and Design. J. G. Mac-
Gregor and J. K. Wight. Prentice Hall

Reinforced Masonry Design. W. L. Dickey and R. R.
Schneider. Prentice Hall

Seismic Design Manual American Institute of Steel Con-
struction, Inc.®

Simplified Design of Building Foundations. J. E.
Ambrose. John Wiley & Sons

Soil Mechanics and Foundations. M. Budhu. John Wiley
& Sons

*NCEES refers to the 2007 vergion of AISC 327 as the Seismic Design
Manual, which encompasses AISC 327, AISC 341, and the 2006
supplement.

Standard Handbook for Civil Engineers. M. K. Loftin,
F. 8. Merritt, and J. T. Ricketts. McGraw-Hill

Structural Analysis. R. C. Hibbeler. Prentice Hall
Structural Engineering Formulas. I. Mikhelson. McGraw-
Hill

Structural Engineering Handbook. C. Gaylord, E.
Gaylord, and J. Stallmeyer. McGraw-Hill

Structural Steel Design. J. C. McCormac. Prentice Hall

Structural Steel Designer’s Handbook. R. L. Brocken-
brough and F. §. Merritt. McGraw-Hill

“TEK Manual/Handouts.” National Concrete Masonry
Association. ncma.org

The Wiley Dictionary of Civil Engineering and Con-
siruction. L. F. Webster, ed. John Wiley & Sons

Wind and Eerthquake Resistant Buildings: Structural
Analysis and Design. B. S. Taranath. Marcel Dekker
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Introduction

ABOUTTHISBOOK =~~~ e

Structural Depth Practice Exams contains two civil PE
structural depth exams designed to match the format
and specifications defined by the National Council of
Examiners for Engineering and Surveying (NCEES).
Each 40-problem practice exam contains one problem
per page, which is the same format as you will encounter
on the civil PE structural depth exam. A step-by-step
solution is provided for each problem. Each solution pre-
sents the correct path needed to arrive at the answer,
along with relevant assumptions, illustrations, and expli-
cit calculations. In some solutions, multiple approaches
are shown 50 you can see alternative methods that may
be used to solve the problems. Some solutions also
include author commentary that uses the following icons
for quick identification.

&% common pitfall or distractor

(® technique or approach to reduce problem-solving
time

Read the commentary to help streamline your problem-
solving approach and avoid making simple mistakes
during the exam.

The solutions in this book are consistent with exam-
approved solving methods, as outlined in the NCEES
specifications. You should work within these constraints
while taking these practice exams. Steel problems on the
exam can be solved using either the ASD or LRFD
methods. This book gives ASD values followed by
LRFD values in parentheses, and problems are solved
using both methods. For concrete problems, ACI 318
App. C solving methods may not be used on the exam.
Therefore, all concrete problems in this book are solved
using ACI 318 Chap. 9 methods.

As you are working problems, be aware that this book
distinguishes between unit weight (given as -y in units of
Ibf/ft”) and demsity (given as p in units of Ibm/ft?),
while ASCE7 does not. In addition, for all problems
relating to moments, assume that positive rotations
are counterclockwise unless otherwise specified. For
illustrations, the z- and y-axes are assumed to be posi-
tive and in the customary directions (i.e., the z-axis is
horizontal, and the y-axis is vertical).

ABOUT THE EXAM

The civil PE exam is made up of 80 problems and is
divided into two four-hour sessions. Each session

presents 40 multiple choice problems. Only one of the
four options given is correct, and the problems are comn-
pletely independent of each other.

The morning session of the civil PE exam is a broad
exam requiring knowledge of five areas of civil engi-
neering: construction, geotechnical, structural, trans-
portation, and water resources and environmental. All
examinees take the same morning exam.

Examinees must choose one of the five afterncon exam
sections: construction, geotechnical, structural, trans-
portation, or water resources and environmental. The
structural depth section of the exam is intended to
assess your knowledge of structural engineering princi-
ples and practice. The topics and approximate distribu-
tion of problems for the structural depth section are as
follows.

1. Loadings (12.5%):

dead loads; live loads; construction loads; wind
loads; earthquake loads, including liquefaction, site
characterization, and pseudo-static analysis; muv-
ing loads; snow loads; impact loads; load paths;
load combinations

2. Analysis (12.5%):
determinate analysis; indeterminate analysis
3. Mechanics of Materials {12.5%):

shear diagrams; moment diagrams; fexure; shenr;
tension; compression; combined stresses; deflection;
progressive collapse; torsion; buckling; fatigue; ther-
mal deformation

4. Materials (12.5%):

concrete (plain, reinforced); concrete (prestressed,
post-tension); structural steel (structural, light gage,
reinforcing); timber; masonry (brick veneer, CMU);
composite construction

5. Member Design (25%):

beams; slabs; footings; columns; trusses; braces;
frames; connections (bolted, welded, embedded,
anchored); shear walls; diaphragms (horizontal,
vertical, flexible, rigid); bearing walls

6. Design Criteria (12.5%):

International Building Code (IBC); American Concrete
Institute (ACI 318, ACI 530); Precast/Prestressed
Concrete Institute (PCI Design Handbook); Manual
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